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M. Khashan y, A. Mor z, Y. Beer x, U. Rath y, D.R. Morgensteren k,
R. Debi{, A. Elbaz z. yDept. of Orthopedic Surgery, Tel Aviv Sourasky Med.
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Zeriﬁn, Israel; k The Sports Med. & Arthroscopy Unit, Orthopedic Dept.,
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Purpose: Hip osteoarthritis (OA) is a slowly progressive destructive
disease that results in alterations in joint loads and biomechanics to
which patients adapt compensatory alterations and abnormal gait
patterns. This prospective cross-sectional, case-controlled study
examined these alterations in gait metrics and evaluated gender dif-
ferences in gait spatiotemporal parameters. Correlations between
function and gait metrics were also investigated.
Methods: Hip OA patients (38 females and 122 males) and healthy
controls (14 females and 24 males) matched for age and gender
underwent the same investigative protocol consisting of a spatio-
temporal gait analysis followed by functional evaluations using the
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and the SF-36 Health Survey (SF-36).
Results: Differences between the patient and the control groups were
signiﬁcant in all the spatiotemporal parameters. There were signiﬁcant
gender differences within the hip OA group in all parameters except for
cadence and single limb support percentage. WOMAC and SF-36 scores
revealed signiﬁcant differences between the study and control groups
in most components. Signiﬁcantly higher scores in the 3 components of
the WOMAC as well as in 6 SF-36 score components were found among
males compared to females in the patient group.
Conclusions: Gait, WOMAC and SF-36 were effective objective and
subjective tools for evaluating a large cohort of patientswith hip OA, and
canbehighlyuseful for supplementing the assessment of hipOA severity
and enhancing treatment efﬁcacy during the course of the disease.
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A NEW METHOD TO EVALUATE THE PROPRIOCEPTION IN KNEE
OSTEOARTHRITIS: MULTISCALE ENTROPY
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Purpose: Introduce a new method to evaluate the proprioception in
knee osteoarthritis, and compare it with the position sense tests and the
motion sense tests which are the most commonly used measurement
methods.Methods: 24 patients with knee osteoarthritis whose Kellgren/Law-
rence grade were grade3 or grade 4 and 12 healthy subjects underwent
three tests of proprioception. Two tests were position sense test and
motion sense test which were the most commonly used measurement
methods. One test was a new evaluating method called multiscale
entropy. The position sense test and the motion sense test measured
proprioception using a test device which could accurate the absolute
angular error to two decimal places. In the test of multiscale entropy,
the subjects aimed the target sheet in sitting posture using their lower
limbs for 60s, and the light spot locations were recorded by the camera.
Then we utilized multiscale entropy to get the complexity of the light
spot locations, which was used to evaluate proprioception. All subjects
underwent these three tests at the legs’ angle of 30and 60 .
Results: Therewas a signiﬁcant difference between the patients and the
healthy subjects in the results of all three tests (p < 0.01). There was no
correlation between the test of multiscale entropy and themotion sense
test or between the test of multiscale entropy and the WOMAC score.
There was, however, a signiﬁcant correlation between the test of mul-
tiscale entropy and position sense test, especially at the angle of 60(r¼
0.629, p ¼ 0.001).
Conclusion: Proprioceptive accuracy of the knee is impaired in knee OA
patients. The test of multiscale entropy can be used to evaluate the
proprioception in knee osteoarthritis.Bone Biology
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SKELETAL EFFECTS OF MECHANICAL LOAD ARE SYSTEMIC AND
MAINTAINED THROUGH FSTL3
A.D. Blazek, P. Perera, L.-C. Wu, A. Litsky, Z. Sun, D.-G. Kim,
B. Lebelebicioglu, B. Lee, T.E. Hewett, N.L. Weisleder, S. Agarwal. The
Ohio State Univ., Columbus, OH, USA
Purpose: Mechanical loading is required for bone remodeling and
strengthening. We have previously shown that Follistatin-like 3 (FSTL3,
NM_005860) mediates mechanical load-driven bone remodeling. Here
we show that FSTL3 regulates bone remodeling by simultaneously
regulating osteoblast and osteoclast activity in vivo and in vitro.
Methods: The Institutional Animal Care and Use Committee at The Ohio
State University approved all protocols. Female Sprague Dawley rats
(12-14 wks, n ¼ 10), wild-type (WT) or homozygous Fstl3-/- C57Bl/6
mice (10-12 wks, n ¼ 10/group) were exercised (EX) by treadmill
walking at 12 m/min (rats) or 8 m/min (mice) for 45 min/day. Following
0, 2, 5 or 15 days of daily EX, animals were sacriﬁced, and gene
expression was analyzed by quantitative real time polymerase chain
reaction (qRT-PCR). The regulation of osteoblast and osteoclast activa-
tion by EX or FSTL3 was assessed by Western blot analysis or immu-
nohistochemistry in vivo and in vitro. Statistical analysis was performed
using one-way ANOVA with Tukey’s post hoc or t-test.
Results: Rapid Fstl3mRNA induction, reaching a 6 fold increase on day 2
and then declining to basal levels by day 5, occurred in osteoblasts and
osteocytes derived from trabecular bone and bone marrow cells from
healthy mice EX for 2 or 5 days. Similarly, a robust increase in FSTL3
protein expression, as assessed by immunoﬂuorescence, was observed
after 2 and 5 days of EX in rat femurs, predominantly within and
adjacent to trabecular bones. However, upregulation of FSTL3 in
osteoblasts was minimal in the control, non-EX trabecular bone or
lining cells. Simultaneously, EX induced a rapid suppression in the
number of multinucleated osteoclasts in the distal head of femurs in
WT mice. Strikingly, such EX-induced suppression of osteoclast num-
bers was not observed in Fstl3-/- mice. Bone mineral apposition rate
(MAR), as assessed by the deposition of calcein and alizarin complexone
at the periosteal as well as endosteal surfaces of the femur, was sig-
niﬁcantly increased (p< 0.003) in response to EX inWTmice. However,
an increase in MARwas not observed in Fstl3-/-mice exposed to EX. The
representative stress-strain curves of the cortical bone of the WT and
Fstl3 -/- femurs under three point bending test also revealed that strain
at ultimate strength of femurs from WT mice was approximately 25%
greater than that of Fstl3 -/- mice. Furthermore, the yield strain and
yield energy were signiﬁcantly upregulated by EX in WT, but not in
Fstl3-/-mice. Finally, FSTL3 and dynamic compressive forces suppressed
the differentiation as well as maturation of osteoclasts in vitro.
Conclusions: The actions of FSTL3 as a mechanoresponsive proteinmay
involve both its upregulation of osteoblast functions as well as sup-
pression of osteoclast functions. The discovery of FSTL3 as a
